g THIN CONCRETE REPAIR COMPOSITION FOR 

ALKALI-AGGREGATE REACTION AFFECTED CONCRETE 

O 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to repair materials for concrete, 
and more particularly, to improved concrete repair materials containing fine 
aggregates, cement, and special chemical additives. 



2. Related Art 

[0002] Concrete structures and surfaces often develop cracks from 
environmental stresses, load stresses, and shrinkage during curing. For 
functional and/or aesthetic reasons, it is often desirable to repair these 
cracks. However, current repair systems are often considered temporary 
and suffer from problems including thermal incompatibility with the parent 
concrete, and re-cracking. More specifically, conventional thin concrete 
repair materials and systems are generally polymer-based or cementitious 
materials-based. Unfortunately, many of these systems fail after only a few 
years of service. Polymer-based systems do not generally perform well in an 
outdoor environment because of the thermal incompatibility of such systems 
with concrete, and frequently de-bond after a few years of exposure. Many 
cementitious systems have also been examined and have been found to not 
perform adequately. In this regard, many repairs using these materials crack 
or become de-bonded after exposure to actual field conditions, or deteriorate 
from other environmental causes, thereby leading to premature failure of the 
repair. 

[0003] Another problem that must be faced in repairing thin surface 
defects in concrete structures is the effect of alkali aggregate reaction. This 
reaction causes a form of deterioration in the concrete structure resulting from 
a reaction between some types of cement and certain aggregates. 
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SUMMARY OF THE INVENTION 

[0004] According to the invention, there is provided an improved 
concrete repair material which provides a number of advantages over the 
prior art particularly with respect to making repairs to thin surface defects in 
concrete structures located in outside environments. The repair material of 
the invention is less prone to cracking during hydration and, although of 
particular value in outdoor environments, is suitable for repairing concrete in 
both indoor and outdoor applications. Further, the repair material enables 
effective repairs to be made to thin surface defects in concrete structures that 
are experiencing or have undergone alkali-aggregate reaction. 
[0005] In accordance with the invention, there is provided a cement 
repair material composition comprising, in weight percentages, fine 
aggregates selected from the group consisting of natural sand, manufactured 
sand and combinations thereof, 50-80%; cement, 10-20%; reinforcing fibers, 
0-5%; and further additives at least including a lithium admixture. Preferably, 
the further additives comprise lithium, 0.005 to 0.05%; an air entraining 
admixture, 0.005 to 0.05%; a first chemical additive selected from the group 
consisting of water-reducing admixtures, set retarding admixtures, water- 
reducing set retarding admixtures, high-range water-reducing admixtures, and 
high-range water-reducing set retarding admixtures, 0.005% to 0.05%; and a 
second, shrinkage compensating chemical additive, 0.005 to 0.05%. 
[0006] The cement preferably comprises Portland cement. 
[0007] Preferably, the reinforcing fibers, if present, are selected from 
the group consisting of ceramic fibers, carbon fibers, polyethylene fibers, steel 
fibers, and fiberglass fibers. 

[0008] Preferably, the second chemical additive comprises a drying 
shrinkage reducing admixture. 

[0009] Advantageously, the cement repair material composition further 
comprises a mineral admixture. The mineral admixture is preferably selected 
from the group consisting of coal ash, calcined natural pozzolan, and silica 
fume. In a preferred embodiment, the mineral admixture comprises silica 
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fume. Advantageously, the mineral admixture is present in an amount by 
weight from 0% to 3.5%. 

[0010] In a further preferred embodiment of the cement repair material 
composition of the invention the fine aggregates are present in an amount by 
weight from 60% to 80%; the cement is present in an amount by weight from 
15% to 18%; the lithium is present in an amount of 0.005 to 0.5%, the air 
entraining admixture is present in an amount 0.005 to 0.5%, the water- 
reducing chemical additive is present in an amount by weight from 0.005% to 
0.05%; and the shrinkage compensation chemical additive is present in an 
amount by weight from 0.005% to 0.05%. 

[001 1] Other objects, features, and advantages of the present invention 
will be set forth in, or will become apparent from, the detailed description of 
the preferred embodiments of the invention which follows. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0012] As indicated above, according to the invention, there is provided 
a cement mixture for repairing cracks in concrete. The mixture is formulated 
to allow for rapid strength gain and to be thermally compatible with the parent 
concrete. As explained below, reinforcing fibers and special chemical 
additives prevent the cracking that is typical of most cementitious repair 
materials. As was also indicated above, one important feature of thin 
concrete repair material of the invention is that the material can be used in 
making effective repairs of surface cracks and defects that have been the 
result of an alkali-aggregate reaction. 

[0013] The type of cement used is chosen based on the application 
environment of the repair material. The American Society for Testing and 
Materials (ASTM) has created standards for a variety of materials, including 
cement, aggregates, and mineral admixtures. The standards specify 
acceptable compositions and physical properties for a given material. The 
ASTM also classifies the materials into various types meeting a particular 
standard. 
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[0014] In a preferred embodiment, Portland cement is used. 
[001 5] Advantageously, the cement meets the standards of ASTMC 
1 157, type GU, "Standard Performance Specification for Blended Hydraulic 
Cement, with a Blaine Fineness (ASTMC 204) under 290, a tricalcium silicate 
content of less than 60%, a tricalcium aluminate content of about 6% and an 
alkali content less than 0.6%. 

[0016] As indicated above, the thin concrete repair uses a large 
amount (50 to 80%) of fine aggregates. The fine aggregates preferably 
comprise natural sand, manufactured sand and combinations thereof, in 
accordance with ASTM C33. 

[0017] In some preferred embodiments, reinforcing fibers are utilized in 
the repair mixture to prevent the formation of micro-cracks. The fiber material 
is chosen based on the application conditions and preferably comprises fibers 
selected from the group consisting of ceramic fibers, carbon fibers, 
polyethylene fibers, steel fibers, and fiberglass fibers. 
[0018] A lithium admixture is also used in the repair material and is 
particularly effective in reducing and/or eliminating alkali-aggregate reaction. 
The lithium admixture is a commercially available product. 
[0019] An air entraining admixture is used in a preferred embodiment. 
Any entraining admixture which meets the standards of ASTM C260 ("Air 
Entraining Admixture for Concrete") can be used. 
[0020] As indicated above, the repair material preferably includes 
further chemical admixtures. ASTM C 494 is a standard specification for 
concrete chemical admixtures. ASTM chemical admixtures are divided into 
seven types. Type A comprise water-reducing admixtures, Type B comprise 
set retarding admixtures, Type C comprise accelerating admixtures, Type D 
comprise water reducing set retarding admixtures, Type E comprise water- 
reducing high-range admixtures, and Type F comprise water-reducing high- 
range set retarding admixtures. One of the chemical admixtures of the 
concrete repair material of the invention preferably meets ASTM C 494 and 
can be any of these types and, more preferably, is a Type A admixture. 



4 



[0021] A further chemical additive comprises a commercially available 
drying, shrinkage reducing admixture. Conventional concrete will shrink 
during drying and cause the formation of cracks. Commercially available 
shrinkage reducing admixtures have been developed combat this problem 
and the concrete repair material of the invention preferably includes one of 
these admixtures. 

[0022] In some preferred embodiments, a mineral admixture is used. 
ASTM C 618 is a standard specification for coal ash and raw or calcined 
natural pozzolan for use as mineral admixtures in concrete, and these are the 
preferred mineral admixtures. 

[0023] ASTM C 1240 is a standard specification for silica fume for use 
as an additional mineral admixture in hydraulic cement concrete, mortar, and 
grout. 

[0024] One or more optional mineral admixtures can be used in the 
repair material and are preferably selected from those meeting ASTM C 618 
or ASTM C 1240. 



Example I 

[0025] In this example, and in the one that follows, only one of the 
three cement types will be used in the formulation, depending on the intended 
use and application. As indicated above, for many applications, Portland 
cement is preferred. The specific formulation for this example is as follows. 
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Material 


Percentage by Weight 


Fine aggregate 


79.0% 


Cement 


15.0% 


Fibers 


0.0% 


WRA 1 


0.005% 


DSRA* 


0.005% 


AEA J 


0.005% 


Lithium 


0.005% 


Mineral Admixture 


0.0% 


Silica Fume 


0.0% 


Water 


6.0% 


Total 


100.02% 



1 WRA refers to water reducing additive. 

2 DSRA refers to drying shrinkage reducing additive. 

3 AEA refers to air-entraining admixture 
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Example II 

[0026] In a second example, the specific formulation is as follows: 



Material 


Percentages by Weight 


Fine aggregate 


61.7% 


Cement 


18.0% 


Fibers 


5.0% 


AEA 


0.05% 


WRA 


0.05% 


DSRA 


0.05% 


Lithium 


0.05% 


Mineral Admixture 


3.5% 


Silica Fume 


2.6% 


Water 


9.1% 


Total 


100.0% 




(100.1%) 



[0027] Although the invention has been described above in relation to 
preferred embodiments thereof, it will be understood by those skilled in the art 
that variations and modifications can be effected in these preferred 
embodiments without departing from the scope and spirit of the invention. 
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